The identity and nomenclatural history of several small-celled naviculoid taxa are revisited. The species discussed here are important from the ecological point of view since they are often dominant in benthic freshwater communities. The original concepts of several species that have suffered major taxonomic drift due to their entangled nomenclatural history are discussed, and forgotten epithets are resurrected. We examined the original material of Navicula aggerica E. reichardt, Navicula atomoides GrunoW, N. crassulexigua e. reichardt, N. minima GrunoW, N. minima var. typica R. ross, N. minutissima (Kütz.) GrunoW, N. saugerresii desm., N. seminulum GrunoW, N. seminulum var. intermedia hust., N. seminulum var. radiosa hust., N. stroemii hust., N. subbacillum hust., N. subseminulum hust., N. tantula hust., N. vasta hust., N. ventraloides hust., Stauroneis fonticola hust., and Synedra minutissima Kütz. Several of these names were regarded as synonyms in many floristic works and, as such, remained forgotten or ignored. Analyses using light and scanning electron microscopy indicate conspecificity of Navicula minima (= Sellaphora seminulum sensu auct. nonnull.) with Sellaphora saugerresii (desm.) c.e. Wetzel et d.G. mann comb. nov., which has priority against N. minima. Synedra minutissima is lectotypified and transferred to Halamphora minutissima (Kütz.) C.E. Wetzel et compère comb. nov. Navicula minutissima (Kütz.) GrunoW 1860, nom. illeg. and Navicula minima GrunoW pro parte, typo excl. designate one and the same species (valid and legitimate), currently known as Sellaphora aggerica (E. reichardt) Falasco et ector. We consider Sellaphora atomoides (GrunoW) C.e. Wetzel et Van de VijVer comb. nov. (= Eolimna tantula sensu auct. nonnull.) and Sellaphora nigri (de not.) C.E. Wetzel et ector comb. nov. (= Eolimna minima sensu auct. nonnull.) to be separate species, although morphologically very similar. Sellaphora crassulexigua (e. reichardt) c.e. Wetzel et ector comb. nov. and Sellaphora subseminulum (hust.) C.e. Wetzel comb. nov. are rarely encountered, but usually found in calcareous springs and aerial habitats, respectively. All species are transferred to the genus Sellaphora on the basis of their valve morphology, pending molecular studies confirming the monophyly of the group once living material of each can be located and brought into clonal culture. Additionally, 64 established taxa from Navicula s.l., Eolimna or Naviculadicta are formally transferred to Sellaphora. Navicula subminuscula manGuin is formally transferred to the genus Craticula GrunoW.
IntroductIon
Small naviculoid diatoms currently assigned to the genera Sellaphora mereschK. or Eolimna lanGe-bert. et W. schiller are very important from the ecological point of view since they are often among the most abundant benthic species in freshwater systems. Most of them can hardly be identified using light microscopy (LM) and for many complexes the lack of scanning electron microscopical (SEM) illustrations is a major impediment. Moreover, there is considerable uncertainty about their identities, due in part to the lack of publications with good illustrations of type material (or original material) but also to the changes in taxonomic concept that some species have suffered over time.
Efforts to elucidate taxonomy based on type material are not new in diatom research. Some recent examples concerning freshwater environments and 'old' established species complexes have focused on the genera Achnanthidium Kütz. (Van de VijVer et al. 2011; taylor et al. 2014) , Amphora ehrenb. ex Kütz. (trobajo et al. 2013 ) and small naviculoid species . Furthermore, cryptic diversity seems to be very common in diatoms (mann & VanormelinGen , abarca et al. 2014 (mann & VanormelinGen , rimet et al. 2014 , increasing the difficulty of developing a stable taxonomy. However, well-defined morphological circumscriptions are essential as a first step in taxonomic revision, to avoid the precipitate description of doubtful taxa and synonyms (see noVis et al. 2012) .
The small naviculoid species that we deal with here were previously studied by hustedt (1962) and also by patricK & reimer (1975) , who provided drawings based on original material. Granetti (1968d ), lanGe-bertalot & boniK (1976 , schoeman et al. (1976), schoeman & archibald (1977) , lanGe-bertalot & rumrich (1981), Weber & mcFarland (1981) , Krammer & lanGe-bertalot (1986) and more recently potapoVa (2013) have provided micrographs taken with light and electron microscope techniques. Poor circumscriptions and sometimes a lack of reliable information surround the epithets 'minima', 'minutissima' and 'seminulum', even though they are apparently well-established and often referred to in the ecological and taxonomic literature. Thus, for example, a non-exhaustive search for SEM images of this group in the literature shows a high diversity of forms, to which a wide variety of names have been applied (e.g. Kobayasi & mayama 1989; coste & ricard 1990; lobo & Kobayasi 1990; maier & rott 1990; schmidt et al. 1990; Wasell & håKansson 1992; KarayeVa & GenKal 1993; rott 1995; silVa-benaVides 1996; KuliKoVsKiy et al. 2010a, b; siVer & hamilton 2011; Żelezna-WieczoreK 2011) . In this contribution we lectotypify some well-known and widely distributed species, propose new combinations, and resurrect some forgotten epithets usually considered as synonyms.
MaterIal and Methods
Type slides and unmounted type material were examined using LM and SEM. Original material from the Van heurcK collection [Botanic Garden Meise (BR) , Belgium], GrunoW collection [Naturhistorisches Museum Wien (W), Vienna, Austria], hustedt collection [Alfred-Wegener-Institut für Polar-und Meeresforschung (BRM) Bremerhaven, Germany], Natural History Museum [(BM), London, UK] and the personal collection of Erwin reichardt (no acronym, Treuchtlingen, Germany) was used. Herbarium acronyms follow thiers et al. [continuously updated] . Several samples collected in Luxembourg in the context of Water Framework Directive monitoring were analysed and one of them was used for the illustration and neotypification of Navicula nigri de not. The term "original material" is used here according to the International Code of Nomenclature for algae, fungi, and plants (ICN, mcneill et al. 2012 ). The symbols "≡" and "=" before the names of specific and infraspecific taxa are used to represent homotypic or nomenclatural, and heterotypic or taxonomical synonyms, respectively. A third type of synonym which can be called a concept synonym is marked by "−". This concerns invalid names, misapplied names and taxonomic synonyms which do not include the type of the name, following jahn & Kusber (2009). The following materials were observed in LM and/or SEM. Their provenances and treatment are as follows (in alphabetical order): Navicula aggerica E. reIchardt 1982: Raw material from the Steinerne Rinne, near Weisenburg, Bavaria, Germany. Unmounted material from sample S61-T01 (e. reichardt personal collection) was prepared for SEM. Navicula atomoides Grunow in Van heurck 1880: The original slide from Van heurcK collection Type n° 219 (from the set of Van heurcK's "Types du Synopsis des Diatomées de Belgique" at the Botanic Garden Meise (BR) was observed. No raw material is available for this slide, which was collected from a 3-year culture from an aquarium at Antwerp (Belgium). Instead, SEM images of Navicula atomoides were taken from raw material of sample "Type n° 143" ['Eaux douces ─ Bruxelles (Delogne)'], where the species was also abundant. Navicula crassulexigua E. reIchardt 1994: Raw sample n° S668-T01 from Steinerne Rinne, near Erasbach (Oberpfalz), Bavaria, Germany. Unmounted material from e. reichardt personal collection was prepared for SEM and a new slide was prepared for LM observations. Two populations from calcareous sources in France (Scie River at Saint-Macloude-Folleville, Normandy) and from Italy (Bossea cave, SW Alps) were also observed. Navicula minima Grunow in Van heurck 1880: Raw sample from a freshwater bottle ['Eaux douces, Bruxelles, dans une carafe (Del.)'] Van heurcK collection sample "Type n° 142" housed in the Botanic Garden Meise (BR). Unmounted material was prepared for SEM and a new slide prepared in Naphrax. Navicula minima var. typica R. ross 1947, nom. inval.: Several slides from the Canadian Eastern Arctic mounted and published by ross (1947) and housed in the Natural History Museum, London (BM 35933, BM 35934, BM 35935, BM 35957 and BM 35958) were examined. Images corresponding to 'Navicula minima var. atomoides ' sensu ross (1947) and his new variety "typica" were also taken from the slide BM 35933 (Lake Harbour, Baffin Island, Canada). Navicula minutissima (kütz.) Grunow 1860: Two samples of raw material from Pöllan, Carinthia (Austria), deposited at the Naturhistorisches Museum, Vienna (W) (Grunow Collection, n° 74: acquisition 1901/3072, Fig. 1; acquisition 1901/3073, Fig. 2) were examined. Both were labelled as Navicula minutissima Grun. and cleaned material had been dried onto small pieces of glass. Small amounts of this were scraped off into deionized water and prepared for LM and SEM analysis. Navicula nigri de not. 1872: The original material used by de notaris ['Erbario Crittogamico Italiano' (1858 -1885 ], was illustrated using transmission electron microscopy (TEM) by Granetti (1968d) . The provenance of the original material observed by de notaris & baGlietto (1872) was the Po River at Casale Monferrato (Piedmont region, province of Alessandria, Italy) collected by neGri in 1871. Here we used a recent freshwater benthic sample collected from the Troine River (Tretterbaach), Léresmillen, Luxembourg, leg. 23/08/2011, to illustrate a population identified by us as Navicula nigri. The neotype designated here is deposited at the Botanic Garden Meise (BR) under the number BR-4396. An additional population fitting into the concept of Navicula nigri but containing smaller specimens was observed as well. The population was collected in the Veyle River, a left tributary of the Saône River at Vonnas (Rhône-Alpes Region) in the Ain department, France. Navicula saugerresii desM. 1858: Raw material from France deposited at the Naturhistorisches Museum, Vienna (W) in the Grunow collection (acquisition 2009, n° 801). Material corresponding to "Navicula saugerri desm.", n° 506. A small amount of the original unmounted material (Fig. 3 ) was removed and was prepared for LM and SEM. Navicula seminulum Grunow 1860: Two samples loaned from different collections were analysed. For both samples unmounted raw material was prepared for LM and SEM analysis: 1) raw material from "Radegund", Liechtenstein. (Fig. 4) housed in the Naturhistorisches Museum (W), Vienna (GrunoW collection, n° 1580, acquisition 1901, n° 3079. "Navicula minutissima Grun."); 2) the sample "Type n° 143" ['Eaux douces ─ Bruxelles (Delogne)'] from the Van heurcK collection housed in the Botanic Garden Meise (BR). Both materials were used for SEM and LM analysis. Navicula seminulum var. intermedia hust. 1942: Sample E3808 from a source ('Boreochlus-Quelle') in Abisko, Lappland (Sweden), deposited in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the type slide N7/66 was prepared for SEM. Navicula seminulum var. radiosa hust. 1954: Sample E5926 from mud ('Grundschlamm') collected from Immerather Maar, Eifel, Rheinland-Pfalz (Germany) and housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the type slide W4/98 was prepared for SEM. A new slide was prepared for LM observations. Navicula stroemii hust. 1931: Sample E2514 from Feforvatn, Oppland Co., Norway, housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide 191/3 was prepared for SEM and a new slide was prepared in Naphrax. Navicula subbacillum hust. 1937: Sample AS726 from Singkarak, Sumatra, Indonesia, housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide N12/22 was prepared for SEM. Navicula subseminulum hust. in BrendeMühl 1949: Observations were made on slide N12/80 in the hustedt collection [BRM, Bremerhaven, Germany] , from an aerial sample collected in 'Wenzen bei Göttingen' (Germany) at the edge of a beech (Fagus) forest. No material was available for SEM investigation. Navicula tantula hust. 1937: Sample E869 collected from bryophytic material (Hypnum hedW. spp.) from Poggenpohls Moor, Niedersachsen (Germany), and deposited in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide N8/44 was prepared for SEM and a new slide was prepared for LM observations. Navicula vasta hust. 1937: Sample AS325 from TenggerMassiv, Java, Indonesia housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide N8/90 was prepared for SEM. Navicula ventraloides hust. 1945: Sample E761 from 'Plitvicer Seen', Croatia housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide M2/43 was prepared for SEM. Stauroneis fonticola hust. 1934: Sample AS321 from a green floc collected at 10 cm depth in a spring in the Tengger Mountains ('Tengger-Massiv'), Java, Indonesia housed in the hustedt collection [BRM, Bremerhaven, Germany] . Oxidized (treated) material corresponding to the slide Na1/38 was prepared for SEM and a new slide was prepared for LM observations. Synedra minutissima kütz. 1844: Raw material from the original gathering ("Francolino am Po Ufer", Italy) deposited in the Natural History Museum [(BM), London, UK], was scraped from a broken slip cover and prepared for SEM. The type slide BM 18149, corresponding to the preparation "KützinG prep. 199" (Fig. 5) , was observed as well.
Subsamples from all raw and already oxidized materials were cleaned (digested) using concentrated H 2 O 2 , heating for 24-48 h using a sand bath. Preparations were then allowed to cool and settle for 24 h, and 80 to 90% of the supernatant was eliminated by vacuum aspiration. A volume of 1 ml of HCl (37%) was then added and the mixture was allowed to stand for 2 h, followed by three repetitions of rinsing and decantation as described above, using deionized water. Following digestion and decantation, cleaned material was rinsed and diluted with deionized water and mounted permanently on glass slides using Naphrax ® as mounting medium (Brunel Microscopes Ltd., Chippenham, Wiltshire, UK) for qualitative analysis. Light microscopy (LM) observations, identifications, measurements and micrographs were performed with a Leica ® DMR microscope equipped with a Leica-DFC 500 high-resolution digital camera using Leica Application Suite software (v. 4.4.0, Leica Microsystems © ). Images were taken using brightfield contrast. For SEM, parts of the oxidized suspensions were filtered and rinsed with additional deionized water through a 3-µm Isopore™ polycarbonate membrane filter (Merck Millipore). Filters were mounted on aluminium stubs and coated with platinum using a BAL-TEC MED 020 Modular High Vacuum Coating System for 30 s at 100 mA. A Hitachi SU-70 ultra-high-resolution analytical field emission (FE) scanning electron microscope (Hitachi High-Technologies Corporation, Tokyo, Japan), operated at 5 kV and with a 10 mm working distance, was used for the analysis. SEM images were taken using the upper and lower (SE-U, SE-L) detector signals. Photomicrographs were digitally manipulated and plates containing light and scanning electron micrographs were created using CorelDraw X6 ® . hotellinG's multivariate discriminant analysis (hotellinG 1951) was performed to test morphometric differences (length, width, and length/width ratio) between N. atomoides and N. nigri populations using PAST software, version 2.17 (hammer et al. 2001) . Additional graphics were constructed using r (r core deVelopment team 2014). (Fig. 6 ). His drawings show eight small linear-lanceolate cells, not forming colonies, somewhat rectangular in girdle view and with a rather irregular outline (Fig. 7) . Two cells located on the right hand side of his drawing shows a longitudinal eccentric line. No striae or fibulae were illustrated and the species is rather hyaline, without precise details. The drawings presented are amongst the smallest specimens on KützinG (1844) plates.
results and dIscussIon

Lectotypification of
Our LM observations from type slide BM 18149 of KützinG's original material collected in Italy, showed a relatively species-rich sample (Table 1) with a dominance of two small naviculoid species currently assigned to the genus Mayamaea lanGe-bert., the dominant species being Mayamaea atomus (Kütz.) lanGe-bert. (Figs 8-15 ), which accounted for 38% of all diatoms. Mayamaea permitis (hust.) bruder et medlin was less abundant, comprising 29% of the total. Most probably KützinG was unable to differentiate these two species. Mayamaea atomus was described and illustrated in detail by KützinG in the same work as Amphora atomus Kütz. (1844, p. 108, pl. 30, fig. 70 ).
Two other common species found on the slide are also illustrated here: Nitzschia frustulum (Kütz.) GrunoW (Figs 16-20 [NH] ) and observed that the species was "the same as Navicula seminulum var. fragilarioides GrunoW apud Van heurcK" illustrated by Van heurcK (1880, pl. 14, fig. 10 ). However, as far as we know, the original material of Navicula seminulum var. fragilarioides has never been studied in detail by SEM. Moreover, important We could find few further interpretations of the variety fragilarioides in the literature. Exceptions are two older accounts, one by Germain (1935) , from aerophytic material collected at the "caves du Musée Saint-Jean, à Angers", France, and the other by hustedt (1962, p. 243) . While Germain l.c. recognised it as a variety distinct from typical N. seminulum, hustedt l.c. treated the variety fragilarioides as synonym of N. seminulum, based on the illustration provided by Van heurcK (1880, pl. 14, fig. 10 ). The following comment was made by hustedt (1962) fig. 8A -J), a recently described species from the Antarctic region (Île Amsterdam), also shows similarities with H. minutissima using LM. However, ultrastructural differences in the areolae of both ventral and dorsal striae separate these species. (Fig. 61 ). Internally the areolae are occluded by hymenes. The distal raphe ending forms a small helictoglossa internally. A large rounded apical pit is present at both apices (Figs 63, 65) ; this is usually closed externally.
List of valid, legitimate recognized species and their synonyms
GrunoW (1860, p. 552) placed the name Synedra minutissima Kütz. as a synonym of his "Navicula minutissima". GrunoW's illustrations show a naviculoid species with bluntly rounded poles, linear valves with parallel margins, a 'central nodule' and a raphe (GrunoW 1860, pl. 2, fig. 2a-d) and these features agree with our observations from the original material. However, N. minutissima (Kütz.) GrunoW 1860 is illegitimate, being a later homonym of N. minutissima rabenh. 1853. The name was therefore changed to N. minima by GrunoW himself, in the Synopsis des Diatomées de Belgique (Van heurcK 1880). Thus N. minutissima GrunoW (non rabenh.) is a nomenclatural synonym of N. minima and both names have the same type, which is the type of Synedra minutissima Kütz. (= Halamphora minutissima comb. nov.).
As a logical consequence the name Navicula minutissima (Kütz.) GrunoW has been regarded as a synonym of Navicula minima in previous publications (e.g. cleVe 1894, p. 128; hustedt 1962, p. 249; Krammer & lanGe-bertalot 1986, p. 229) . However, analysis of the material of Navicula minutissima that GrunoW used to write his 1860 account and that of Navicula minima used by GrunoW to prepare his 1880 drawings (in Van heurcK 1880) shows that these represent two distinct species, as detailed below. Thus, even if the names were usable in the senses that GrunoW intended, taxonomic synonymization would be inappropriate, since GrunoW's material of Navicula minutissima does not correspond to any of the species around 'Navicula minima' complex. Instead, GrunoW's material is the same as the species described by reichardt (1982) as Navicula aggerica E. reichardt, currently placed in Sellaphora (Falasco et al. 2009 ). The type material of Navicula aggerica was recently analysed by Falasco et al. (2009) and our re-analysis in SEM of the original material shows that the species is morphologically similar to the original material of N. minutissima GrunoW (Figs 59-65) and we thus consider both conspecific. The Sellaphora stroemii (hust.) h. Kobayasi in mayama et al. (2002) (=Navicula stroemii hust.) species-complex was recently studied in detail by Falasco et al. (2009) , who performed valve shape analysis using geometric morphometric methods on 96 specimens photographed from the type material. They concluded that S. aggerica (Fig. 127) . The striae are visible in LM, slightly radial at the centre, becoming more parallel towards the poles , with a very narrow axial area, which is linear over most of the valve (Figs 112-116 ). The areolae are not discernible in LM (with bright field), but in SEM the striae can be seen to be uni-to biseriate and radiate throughout (bordering the raphe they are generally uniseriate but they become biseriate towards the mantle), containing tiny round poroids . The striae bordering the central area -which is wide, symmetrical, bow-tie shaped, and usually extends to close to the junction of valve face and mantle -are slightly but noticeably curved; two to three shorter striae, often uneven in length, are present in the very middle of the valve. The striae extend down onto the shallow mantle (Fig. 256) . The raphe is straight with tear-drop-shaped proximal fissures, which are slightly curved, and it has distal fissures that bend strongly to the same side of the valve towards the valve mantle (Figs 251-254) . Internally, the proximal raphe fissures are slightly deflected to the same side (Figs 257, 258) and the distal raphe fissures ends in a reduced helictoglossa (Fig. 259) . Internally, a large round pit can be seen at each apex (Fig. 259) , which is usually occluded externally (Fig. 260) . Each areola is internally occluded by a hymen. The girdle bands lack areolae (not shown).
Our illustrations are the first to show the type material of desmazières. Navicula saugerresii is usually placed as a synonym in the 'minima-minutissima-seminulum' complex (e.g. cleVe 1894, hustedt 1962, Krammer & lanGe-bertalot 1986) . The original material from desmazières (1858) exsiccata n° 506 seems to be a monospecific culture of N. saugerresii, which desmazières described as: "N. minutissima, laevis, lanceolato-elliptica, apicibus parum acutis vel obtusis. Long. 0.013 mm; lat. 0.005 mm. Altero latere oblonga truncata. Viva in aqua antliae inclusa in lagena". Around 60 green-olive colonies of 1 cm diameter were growing in a bottle of drinking water according to a detailed description on desmazières' exsiccata (Fig. 3) . A few years later, rabenhorst (1864, p. 173) reproduced the short description of the species, while GrunoW (in Van heurcK 1880, pl. 14, fig. 8a ) provided several illustrations of valves but no measurements or description. Navicula saugerresii was listed as a doubtful synonym of N. seminulum by Krammer & lanGebertalot (1986, p. 230) , who were unsure about which name had nomenclatural priority: "Zur Nomenklatur bleibt weiterhin offen, ob N. seminulum oder N. saugerrii Priorität besitz, weil sich das Jahr der Veröffentlichung des Exsikkates no. 506 von
Desmazières (Plantes Cryptogames de France) sowie die Notiz 25 in Annales des Sciences bisher nicht genau datieren ließen"
3 . However, the date of issue of exsiccata n° 506 (in fascicles 11-12 of Desmazières' exsiccatae) was 20 March 1858, according to the "Nouvelle édition des Plantes Cryptogamiques de France" (given in sayre 1969). Navicula saugerresii is therefore earlier than both N. seminulum and N. minima, which were published in 1860 and 1880, respectively. Moreover, N. seminulum and N. saugerresii are clearly distinct species. In contrast the conspecificity of N. minima sensu GrunoW in Van heurcK 1880 and Navicula saugerresii is beyond doubt and we consider them to be synonyms, as detailed below.
The name 'Navicula saugerri var. striis tenuioribus?' is presented as a synonym of 'Synedra pusilla KG.!' in Van heurcK (1880, pl. 14, fig. 16b ). This species was identified by lanGe-bertalot (1976) as Nitzschia pusilla (Kütz.) GrunoW emend. lanGe-bert.
Authenticated material (i.e. material that GrunoW agreed corresponded to his concept of N. minima) of N. minima in Van heurcK sample n° 142, Van heurcK collection, Botanic Garden Meise (BR), contains a monoculture of small-celled solitary specimens with a general outline and ultrastructural characteristics similar to those of N. saugerresii described above; these are illustrated here in Figures  128-142 N. minima was collected from a bottle of freshwater ("Eaux douces. Bruxelles, dans une carafe") but the cells are slightly longer (9.5-14.5 µm instead of 6.5-11.0 µm) and wider (3.4-4.2 µm instead of 3.3-3.8 µm). In addition, the striae are more consistently biseriate throughout the valve in the material of 'N. minima', although some striae bordering the central area can be uniseriate (e.g. Figs 261, 262, 264) . The central area usually exhibits a rectangular to 'bow-tie' outline, due to the presence of two or three short striae in the middle. The striae are not interrupted at the junction of valve face and mantle and continue for a short distance onto the shallow mantle . Due to the relatively poor condition of the sample (eroded frustules), areola occlusions could not be observed 4 . The raphe is similar in the Brussels sample of 'N. minima' and N. saugerresii, including the presence of a small helictoglossa and a large apical pit (Fig. 269) .
The name Navicula minima appears for the first time in the Atlas of Van heurcK (1880) as a replacement name for Navicula minutissima (Kütz.) GrunoW, as discussed above, and nowadays many illustrations of N. minima in the literature are identified as "Navicula seminulum" (e.g. fig. 5a -c, as "N. seminulum Grun. var. hustedtii patr."), the morphological concept of 'N. minima', and hence of Eolimna, has remained blurred because the illustrations show a diatom that corresponds to the prevalent concept of 'Sellaphora seminulum', which in fact is a different species (see below). The type material of Navicula minima GrunoW var. hustedtii R.M. patricK (1959) was recently observed by potapoVa (2013, p. 12, fig. 54 
Remarks:
The valves are linear-elliptical or linearlanceolate with rounded poles and striae that radiate at the centre (Figs 143-157 ). Cell dimensions measured by us in the type material are as follows: length 5.5-14.0 µm, width 2.7-4.4 µm, striae 17-23 in 10 µm. The axial area is narrow and a large, usually slightly asymmetrical central area can be observed in large (Fig.  143) as well as in small specimens (Figs 155-157) . SEM reveals that the striae are always uniseriate . The raphe is straight with slightly curved, tear-drop-like proximal fissures and distal fissures that bend strongly to the same side of the valve. Internally, the proximal raphe fissures are slightly deflected to the same side (Figs 288-290 ) and the distal raphe fissures end in a well-developed helictoglossa (Figs 291-294) . A large round pit is present at each apex (Figs 292, 293) , occluded externally (Fig. 289) . Each areola is occluded by a hymen internally. The girdle bands lack areolae (Fig. 289) . The same striation patterns are found in material from a calcareous river in France (Figs 270-286) and from a cave in Italy (Fig. 287) .
Sellaphora crassulexigua is very similar to S. saugerresii in LM and SEM, since they have the same cell size range and general valve outline. The main difference is in the striae, which are always uniseriate in S. crassulexigua and the areolae are smaller. reichardt (1994) observed, however, that S. crassulexigua has a coarser striation pattern (18-23 in 10 µm) than in similar species. Moreover, in S. crassulexigua the central area is consistently asymmetrical, a feature readily visible in LM (Figs 143-157) . Recently reichardt (2011, p. 15) has combined the species in the genus Eolimna, based on the raphe and hymen position. However, we can find no morphological basis for separating Eolimna crassulexigua (E. reichardt) E. reichardt from Sellaphora. In general the helictoglossae seem to be more pronounced in S. crassulexigua (Figs 145, 146, (291) (292) (293) (294) than in S. saugerresii (Figs 257, 259, 260) .
This species seems to be rare and restricted to springs (reichardt, pers. comm.). The type material comes from a calcareous spring in Germany [Neumarkt in der Oberpfalz, Franconian Switzerland, ('Frankenjura')] (reichardt 1994), and was also observed in mountainous areas of tufa-forming springs and streams in the "Paterzeller Eibenwald" (an area with numerous yewtrees near Paterzell, Southern Bavaria) associated with taxa which are characteristic of oligotrophic or weakly mesotrophic habitats rich in lime (reichardt 2011).
We expand the distribution of the species with populations of S. crassulexigua from a calcareous spring area from which the Scie River arises ('Source de la Scie' at Saint-Maclou-de-Folleville) at Normandy, France (Figs 270-286 ) as well as aerial populations colonizing the wet and artificially illuminated calcareous concretion walls of the Bossea cave, SW Alps (NW Italy) (Fig. 287) . Amphora pediculus (Kütz.) GrunoW, Caloneis fontinalis (GrunoW) lanGe-bert. et e. reichardt, Navicula muraloides hust., Navicula striolata (GrunoW) lanGe-bert., Naviculadicta jurafontinalis Werum et lanGe-bert., N. schaumburgii Werum et lanGe-bert., Planothidium reichardtii Figs 158-179, 295-301) Basionym: Navicula seminulum GrunoW 1860, Verh. zool.-bot. Ges. Wien, vol. 10, p. 552, pl. 2, fig. 3a-d (non 2a-d 
The valves are linear-lanceolate to broadly lanceolate, with clearly convex margins (inflated in the middle) and protracted, broadly rounded, slightly rostrate ends (Figs 158-172 ). The frustules are 9.8-16.5 μm long and 3.4-4.4 μm wide (n = 30), and in girdle view they are rectangular. The valve face is flat and the mantle very shallow. The striae are markedly radiate and also arcuate, especially towards the apices, where they are also denser; they are uniseriate, or sometimes partially biseriate but only near the axial area (Figs 295, 296, 298, 301) . The areolae are small and round and each is occluded by a hymen lying across its internal aperture (Fig. 300) . The axial area (sternum) is linearlanceolate, with an irregular border, and is central or apparently very slightly displaced towards the secondary side (Figs 295-298) . The central area is bordered by three shorter striae and is usually butterfly-shaped, but the size and shape vary. The raphe branches are slightly undulate externally and displaced towards the secondary side of the sternum; internally they are filiform and straight. The proximal (central) part of each raphe branch curves gently towards the primary side externally and the central raphe endings are slightly drop-like. Internally, the raphe branches remain slit-like as they approach the centre and are bent towards the primary side. Beyond the helictoglossa, a larger foramen-like (pit) can be seen (Figs 295, 300, 301) at the poles. Distal raphe endings strongly curved onto the mantle, towards the secondary side (Figs 295-298) .
Samples of Navicula seminulum from both GrunoW collection n° 1580 (Naturhistorisches Museum Wien) (Figs 158-165) fig. 2a-d) , i.e. a small species with a clear expansion in the central part of the valve ("medio plerumque leviter dilatata") and a wide and sub-rectangular central area (see Fig.  172 ). Later, Van heurcK (1885, p. 106-107) classified N. seminulum in the Section 'Minutissimées', comprising "Navicules très petites, à structure difficilement visible"
6 not forming band-shaped colonies. In this section Van heurcK l.c. included three species with 'valves sans côtes' (without costae) and 'munie d'un pseudo-stauros' (with a 'pseudostauros'); these were:
• "Navicula seminulum GrunoW, plate 14, fig.  9 The main characteristics used to separate these three taxa were the presence or absence of a central inflation in the median portion (present in N. seminulum, absent in the other two) and the general shape of the valves (± linear in N. seminulum and N. minima, elliptical in N. atomoides). Later authors also recognized Navicula seminulum as being "gibbous in the middle" (cleVe 1894, p. 128), "in der Mitte leicht aufgetrieben" (schönFeldt 1907, p. 46), or with "swollen effect in the central area" (patricK & reimer 1975, p. 489 ) Notice that there is a mistake in his figure captions from the original description (GrunoW 1860, p. 552 refers to fig. 2 and not fig. 3 . However, his plate legends are correct. However, our observations of the samples 'Type n° 143 (Navicula seminulum)' and 'n° 1580 (Navicula seminulum)', both authenticated by GrunoW, reveal a species with a swollen central portion 295, 297, 298, 299 ) that agrees well with his published drawing (Fig. 172) 
We provide illustrations of the same specimens studied by simonsen (1987, p. 354, pl. 540, figs 10-12) from the type slide (N12/80, hustedt Collection at BRM, Bremerhaven). No material is available for SEM observations (Friedel Hinz, pers. comm.) . Krammer & lanGe-bertalot (1985, p. 74 ) synonymize the species with Navicula harderi hust. because of their close morphological similarity and the occurrence of both in the type material of N. subseminulum. While observing samples from northern Bavaria ('Schwarzachklamm'), reichardt (2006, figs 36-40) pointed out that Navicula subseminulum is not synonymous with Navicula harderi and explained the differences between them, mainly concerning the higher stria density and the rhombic valve outline of the later species. reichardt (2006) recognizes N. subseminulum as having a wide central area that correspond to the material designated by hustedt in brendemühl (1949). reichardt l.c. proposed the synonymization of Navicula subseminulum with Navicula obsoleta hust. pro parte. However, Navicula obsoleta pro parte as illustrated by simonsen (1987, p. 268) and reichardt (2006, figs 29-34) , identified with a question mark as Navicula(-dicta) obsoleta by reichardt is more similar to Mayamaea cavernicola Van de VijVer et E.J. cox (2013, p. 40, figs 21-40) . Chamaepinnularia obsoleta (hust.) C.E. Wetzel et ector was recently defined by Wetzel et al. (2013, p. 158 ) and like S. subseminulum, occurs in aerial habitats in Europe (France and Luxembourg, Wetzel, pers. obs.).
Sellaphora subseminulum was originally described from aerial habitats (beech forest soil at Göttingen, Germany : Brendemühl 1949) , including samples of bare soil. Further literature records are also from aerial habitats or springs in Germany (schimansKi 1973; reichardt 1983 , 1984 . The species has rarely been found in freshwater ecosystems: our (non-exhaustive) search in the literature revealed only a few unconfirmed records (without illustrations) from U.S.A. Great Lakes (stoermer et al. 1999) and New Zealand freshwater environments (cooper 2001) . We combine the species in Sellaphora based on the similarities with other Sellaphora species in LM, particularly S. saugerresii and S. atomoides. Werum & lanGe-bertalot 2004, comb. invalid., Iconograph. Diatomol., vol. 13, p. 147, pl. 39, figs 8, 9, pl. 40, fig. 1 ; = Eolimna minima (GrunoW) lanGe-bert. pro parte sensu auct. nonnull in moser et al. 1998, Biblioth. Diatomol., vol. 38, p. 153; = Eolimna krummensis P.M. noVis, J. braidWood et C. Kilroy 2012, Phytotaxa, vol. 64, p. 33, figs 112-129, 165. Remarks: The Van heurcK "Type n° 219" slide of GrunoW's original material from the Van heurcK Collection in the Botanic Garden Meise (Figs 189-220 ) was observed but no corresponding material was available for SEM analysis. However specimens agreeing in all aspects (LM) with Navicula atomoides were also abundant in unmounted material of "Type n° 143 Navicula seminulum" also observed by us, and it is from this material that the SEM images (Figs 308, 309) were taken. The observations reported below also concern the original material of Navicula tantula hust. [221] [222] [223] [224] [225] [226] [227] [228] [229] [230] [231] [232] [233] [234] [235] [316] [317] [318] . All these material contain small, elliptical to oval valves with broadly rounded apices, measuring 3.4-16.3 µm long and 2.6-3.7 µm wide, with 30-36 striae in 10 µm. The striae are uniseriate and radiate throughout. The striae bordering the central area are slightly but noticeably curved. Shorter striae, often with uneven lengths, are present in the middle of the valve and extend down onto a relatively shallow mantle. The axial area is linear through most of the valve, widening slightly near the central area. The central area is wide, symmetrical and bow-tie shaped. The raphe is straight with slightly inflated 'tear-drop' proximal ends, while the distal raphe fissures bend strongly to the same side of the valve (Figs 308-312) . Interna- lly, the proximal raphe fissures are slightly deflected to the same side and the distal raphe fissures end in small helictoglossae (Figs 314, 315) . The areolae vary in diameter and are closed internally with a hymen; the areolae closest to the raphe are sometimes larger in diameter. The girdle bands are plain, lacking areolae.
Navicula atomoides was described in Van heurcK (1885, p. 107) and previously illustrated by GrunoW in Van heurcK (1880, pl. 14, fig. 12 ). Van heurcK slide "Type n° 219" comes from a freshwater aquarium in Antwerp (Belgium). Van heurcK observed that cells of the species were usually united into groups of 3 or 4 and that they had a higher stria density than in N. minima and N. seminulum; a 'pseudo-stauros' is present in the central part of the cell. cleVe (1894, p. 128) considered "atomoides" to be a variety of Navicula minima GrunoW. hustedt (1931, p. 272) seems at first to have followed the same species concept as cleVe (1894), considering Navicula atomoides as a variety of Navicula minima with denser striation. However, later (hustedt 1962, p. 249), he listed Navicula atomoides as a synonym of Navicula minima GrunoW and since then N. atomoides has been remained as such in widely used floras [i.e. patricK & reimer (1975, p. 488) and Krammer & lanGe-bertalot (1986, p. 229) ]. In the meantime hustedt (1934b, p. 383; 1943, p. 162 ) also referred (without a formal description or diagnosis) to a diatom he called Navicula tantula, which he had previously illustrated in the Atlas der Diatomaceenkunde (hustedt 1934a, pl. 399, figs 54-57) from a peat bog from Oldenburg (Germany). In these references he did not mention N. atomoides as a similar species. In the same period hustedt (1937, p. 223) described Stauroneis fonticola, an aerophilic species from a spring in Java (Indonesia) differing from Navicula tantula by the presence of a stauroid form: "...sehr ähnlich der Navic- 
ula tantula Hust. A. S. Atl. T.399, F.54-57, deren Zentralarea aber nicht den Schalenrand erreicht und im Gegensatz zu Stauroneis fonticola keinen stauroiden Zentralknoten besitzt"
9 . This sentence can be considered as a diagnosis for Navicula tantula as indicated in simonsen (1987, p. 172), whereas no diagnosis was given in the two previous publications where the name Navicula tantula was published (i.e. hustedt 1934a, b); hence, since a diagnosis or description has been a requirement for valid publication since 1908 (mcneill et al. 2012) , 1937 should be considered as the year when N. tantula was validly described. A description of Navicula tantula also appears in 1943 (hustedt 1943, p. 162): where hustedt states "…Zentralarea eine breite, bis nahe an den Schalenrand reichende Querbinde, quadratisch bis rechteckig" 10 . However, our observations of Navicula tantula and Stauroneis fonticola show no differences (either in LM or at the ultrastructure level using SEM: Figs 310-318) from specimens of Navicula atomoides in Van heurcK Type n° 143 (Figs 308, 309 ). Thus both species are treated by us as taxonomic synonyms of Navicula atomoides. At about the same time as hustedt described N. tantula, N. minima var. typica R. ross (1947, p. 194, pl. 9, fig. 5 ) was invalidly described as a new variety of N. mimina. We observed several slides mounted by ross for his 1947 paper (slides BM35933, BM35934, BM35935, BM35957, BM35958) but no specimens corresponding to 'minima' or 'seminulum' could be found. Instead, we found 'monoraphid' species belonging to Psammothidium marginulatum (GrunoW) buKht. et round. Bot. Ital., vol. 4, p. 296. Exsiccata. Ser. II, Fasc. XIII, n° 632, p. 296, 1870 , in Erbario Crittogamico Italiano, emend Granetti 1968d . Synonym: -Eolimna minima (GrunoW) lanGe-bert. in moser et al. 1998, Biblioth. Diatomol., vol. 38, p. 153, pro parte, sensu auct. nonnull.
Neotype (designated here): preparation BR-4396
(Botanic Garden Meise, BR, Belgium), collected at Troine River (Tretterbaach), Léresmillen (Luxembourg), 50°05'15"N 5°56'41"E, leg. 23/08/2011. We chose the population from Luxembourg because the material observed by Granetti (1968d) is no longer available and thus a neotype is needed. Indeed, in his observations of de notaris's original material of N. nigri, Granetti (1968d) observed that specimens were already very scarce ["Il materiale di studio (peraltro) estremamente scarso"]. Remarks: We identified a population from Luxembourg (Figs 319-349 ) corresponding to the species described as Navicula nigri by de notaris in de notaris & baGlietto (1872). The species was originally collected by neGri in 1870, from submerged leaves of Nuphar lutea (L.) sm. in swamps along the Po River at 'Casale Monferrato' (Piedmont region in Italy). de notaris provided a detailed diagnosis including accompanying floristic elements ['Nitzschia amphibia var. padana', 'Amphora affinis' and 'Cyclotella kutzingiana' (= Cyclotella meneghiniana)] and comparison with similar species ("Ad Naviculam pelliculosam Hils. in Rabenh. Alg. n. 1265 accedit, sed noduli forma me judice distinguenda"). Almost a hundred years later Granetti (1968a, b, c, d) , in his detailed series concerning the morphological variability of Navicula minima and Navicula seminulum, provided an appraisal of several species described by de notaris, including transmission electron microscope (TEM) images from the original material of Navicula nigri. Granetti (1968d) provided a size range for the original population of Navicula nigri (i.e. length: 6.0-11.0 µm; width: 3.8-4.7 µm), and considered that it was identical to Navicula minima as described by GrunoW in Van heurcK (1880). Hence, since Navicula minima was described eight years earlier than N. nigri, Granetti (1968d, p. 428) proposed synonymization of these two species. however, the most similar species in this case is Navicula atomoides, rather than Navicula minima sensu auct. nonnull. Thus synonymization of N. nigri with N. atomoides would be more logical, because both share several morphological characters and general valvar morphology. However, even if the general morphology of N. nigri is similar to N. atomoides (described above), the type material of Navicula atomoides (slide "Type n° 219") in the Van heurcK collection shows a smaller species with narrower valves and generally denser striation (> ca. 34 striae in 10 µm, compared to ca. 25-28 in 10 µm). Considering the morphometric measurements and the length-width ratios (Fig.  394, hotellinG' s multivariate discriminant test T 2 ; p < 0.001), we consider that there are significant differences between the two taxa and that they should be recognized as separate species.
Although the type materials of S. atomoides and S. nigri differ with respect to valve width, a second population identified by us as Navicula nigri from France was somewhat intermediate. This population was found during a routine analysis of diatom samples within the Water Framework Directive (WFD), and is illustrated here in Figs 350-393. While most of the visible characters in LM agreed with the type of N. nigri (including longer striae in the central area and the absence of a clear "bow-tie" central area), the specimens were rather smaller [width: 2.7-4.2 µm; mean width: 3.4 µm; n = 56) when compared to the dimensions of N. nigri provided by Granetti (1968d) , i.e. width of 3.8-4.7 μm and when compared to mean width values (4.0 µm; n = 140) of the population from Luxembourg (Fig. 395) . This fact and the finding of other populations outside the type locality, which provide a more comprehensive overview of its morphological variability, allow the proposal of an emended description of this species with a wider cell size range:
Description: Sellaphora nigri (de not.) C.E. Wetzel et ector comb. nov. emend. (Figs 319-393 ): Valves small, elliptical to oval, with broadly rounded apices. Valve dimensions (n = 190): length 3.7-13.0 µm, width 2.7-4.8 µm. Striae uniseriate and radiate throughout the entire valve, 25-32 in 10 µm; striae bordering the central area slightly curved. Shorter striae (usually 2 or 3), often with uneven lengths, are present in the very middle of the valve. Axial area linear over most of the valve, widening slightly near the central portion. Central area symmetrical but irregularly 'bow-tie' shaped to irregularly 'squared' and usually expanding to near the valve margin. Raphe straight with tear-drop proximal fissures and distal fissures that bend strongly to the same side of the valve. Internally, the proximal raphe fissures are slightly deflected to the same side and the distal raphe fissures ends as small helictoglossae. The areolae vary in diameter and shape. In the majority of specimens the areolae closest to the raphe are relatively larger and can be slightly angular, quadrate to nearly rounded, becoming smaller and more circular near the margins. In general the areolae closest to the raphe have slightly larger diameters. Areolae closed by vela; striae extending down onto a relatively shallow mantle. Junction of valve face and mantle sometimes not clearly defined. Girdle bands open and lacking areolae.
Comments on the ecology and distribution of S. atomoides and S. nigri A separation between Sellaphora atomoides [as Navicula (Eolimna) tantula] and Sellaphora nigri [as Navicula (Eolimna) minima] has been supported by several authors. For example Germain (1981, pl. 85, figs 41-45) and hoFmann et al. (2011, pl. 42, figs 37-44) kept Sellaphora atomoides (as N. tantula) as a separate species with narrower frustules, denser striation and a more rectangular central area. The general acceptance is that S. atomoides (including E. tantula and Stauroneis fonticola) is usually found in aerial habitats (or more 'pristine' conditions) while the presence of Sellaphora nigri (as Eolimna minima sensu auct. nonnull.) is more related to human-impacted conditions of eutrophication, pesticides, heavy metal pollution and organically polluted environments (lanGe-bertalot & boniK 1976; Weber & mcFarland 1981; dayner & johansen 1991; delGado & pardo 2014; morin et al. 2014; moisset et al. 2015) . Indeed the population from Luxembourg illustrated here (Figs 319-349 ) was accompanied by species characteristic of organically polluted waters such as Navicula subminuscula manGuin, Fistulifera saprophila (lanGe-bert. et boniK) lanGebert., Mayamaea atomus (Kütz.) lanGe-bert., Navicula gregaria donKin, Nitzschia palea (Kütz.) W. smith and Nitzschia soratensis E. morales et Vis. Sellaphora nigri is amongst the commonest benthic species in European freshwater courses and has until now been called Eolimna minima by the great majority of diatom analysts.
Final remarks and conclusions
The diatoms studied here are often abundant or even dominant in freshwater benthic communities. However, there have been many changes in species circumscription and concept since they were first described and the lack of analysis of original material has led to the propagation of many errors in taxonomy and identification. Some older, largely unused names have priority against well-known names, while other old names prove on examination to be unusable (at least without conservation). The confused history of these naviculoid taxa is of course partly because of their diminutive size and fine striation.
We propose to combine the studied species into Sellaphora mainly because several molecular studies have shown good support for a monophyletic group containing both "Eolimna minima" sensu auct. nonnull. and Sellaphora species, in which Sellaphora would become paraphyletic if Eolimna is excluded from it (e.g. behnKe et al. 2004; bruder & medlin 2008; mann & eVans 2007; eVans et al. 2008; mann & sticKle 2009; rimet et al. 2011; noVis et al. 2012; KocioleK et al. 2013; zGrundo et al. 2013; KuliKoVsKiy et al. 2014; Poulíčková et al. 2015; zimmermann et al. 2014 .
A key feature of the genus Sellaphora is the shape of the chloroplast ('endochrome'); this is a single H-shaped plate and gives the genus its name (Sellaphora = 'saddle-bearer') (mereschKoWsKy 1902 (mereschKoWsKy , mann et al. 2008 . However, the chloroplast morphology has not been documented in most small naviculoid diatoms, including many of those studied here. Other morphological characteristics of Sellaphora, according to round et al. (1990) , include the following features: the cells are naviculoid and solitary, with uninterrupted uniseriate (rarely biseriate), radiate or parallel striae. Adjacent to the axial area there may be a nonporous conopeum. The valve face is flat, except that it is often grooved near the raphe externally, and curves fairly gently into shallow or moderately deep mantles. The striae contain small round poroids, which are occluded near their internal apertures by hymenes. Transapically orientated bar-like thickenings occur at the poles in some species (e.g. see mann et al. 2008) . The raphe system is central and straight. Terminal fissures are usually present, and may be deflected or hooked. The involves the production of a single gamete per gametangium and behavioural anisogamy, the gamete of the 'male' gametangium moving across into the 'female' gametangium to effect fertilization (mann 1989 (mann , mann et al. 1999 . Hence a single auxospore is formed entirely within the 'female' gametangium. The auxospore then expands parallel to the apical axis of the female gametangium, with the empty male gametangium alongside. A modified type of auxosporulation occurs in several Sellaphora lineages, in which the auxospores are formed through paedogamy, but there is no doubt that the ancestors of these lineages exhibited allogamy of the typical kind described above (Poulíčková et al. 2015) .
The genus Eolimna lanGe-bert. et W. schiller was established based on E. martini W. schiller et lanGe-bert., a freshwater fossil diatom species from the Lower Oligocene (schiller & lanGe-bertalot 1997). This species was described without light microscopy, making it difficult to make comparisons with other species, and of course, use of molecular phylogenetic data to explore the relationships of E. martini with living close relatives (if they still exist) is impossible. Nevertheless numerous taxa, originally described as Navicula, have been transferred to Eolimna (moser et al. 1998; Werum & lanGe-bertalot 2004; KuliKoVsKiy et al. 2010a) , while several others have been described as new (e.g. metzeltin & lanGe-bertalot 1998 (e.g. metzeltin & lanGe-bertalot , 2007 coste & ector 2000; monnier et al. 2003; taylor & lanGe-bertalot 2006; blanco et al. 2009 blanco et al. , koPalová et al. 2009 KuliKoVsKiy et al. 2012; KocioleK et al. 2014) . Eolimna was based on a combination of morphological features, but mainly on the positions of the hymenes in a median position, countersunk in the short areola canals (schiller & lanGe-bertalot 1997; moser et al. 1998) .
In addition, some Eolimna-and Sellaphora-like species have been described in 'Naviculadicta' lanGebert., which was created (as an avowedly artificial group) by lanGe-bertalot & moser (1994) to provide nomenclatural stability by provisionally removing those new species not fitting into Navicula sensu stricto or other clearly defined genera. However, this proposal has been criticized, either on principle (by KocioleK central external raphe endings are expanded and slightly deflected towards the primary side, and the central internal endings are also turned or deflected towards the primary side. In addition, we would add that the helictoglossae are often large and elongate in the largercelled species such as those illustrated by round et al. (1990) and that many if not all species possess an internal apical pit at both poles. This seems to be common to all the species observed here, including the small species with biseriate striae like S. saugerresii, and it is also present in many larger-celled species, such as in the S. pupula, S. laevissima and S. bacillum groups (our unpublished observations). Detailed accounts of the genus are given by mann (1989) and mann et al. (2004 ( ), while mann & sticKle (2009 have recently given a detailed account of the cytological characteristics of the family Sellaphoraceae. Allogamous sexual reproduction has been observed in about 30 species of Sellaphora, some belonging to the group of small-celled forms studied here, and in all cases it 1996) or with respect to its implementation (round & mann 1996) . The generitype of Naviculadicta is Naviculadicta vaucheriae (J.B. petersen) lanGe-bert., a taxon that is represented by only very few specimens in the type slide (see Krammer & lanGe-bertalot 1986, pl. 76, figs 27-29) and whose type material is no longer available for SEM investigations (dixit KuliKoVsKiy et al. 2010b ). The taxon is rarely mentioned in the literature (usually by hand-drawn illustrations) and its identity remains somewhat obscure. It cannot be placed in Sellaphora with any confidence. In contrast, many other species described in Naviculadicta [e.g. Naviculadicta elorantana lanGe-bert., Naviculadicta multiconfusa lanGe-bert., Naviculadicta pseudofusticulus lanGebert. et steindorF, Naviculadicta sassiana metzeltin et lanGe-bert., Naviculadicta vekhovii lanGe-bert. et GenKal, among others described by F. hustedt and illustrated by simonsen (1987)] have been illustrated with LM or SEM images that contain enough information to allow their transfer to the genus Sellaphora. potapoVa & ponader (2008) transferred Sellaphora wallacei (reimer) potapoVa et ponader from Navicula and illustrated it with SEM; this species is very similar to Naviculadicta linearis metzeltin et lanGe-bertalot (2002, p. 41, pl. 17, figs 9-10) , which in turn is also very similar to Sellaphora rioplatensis metzeltin, lanGe-bert. et García-rodríGuez from Uruguay (metzeltin et al. 2005, p. 212, pl. 67, figs 13-27) Sellaphora pulchra enache et potapoVa apart from Eolimna because the latter has fimbriae in the valvocopula and raphe on a raised sternum and that these features were not present in their specimens. However, the type species of Eolimna, E. martinii W.schiller et lanGe-bert. (described from Lower Oligocene sediments) does not have a raised sternum, and fimbriae are present in several Sellaphora species, e.g. S. gregoryana (our unpublished observations of a population from the type locality, Loch Leven, Scotland). Another character claimed to separate Eolimna from Sellaphora, namely the presence of a row of areolae on the valvocopula in Eolimna but not in Sellaphora (schiller & lanGe-bertalot 1997) , has been shown to vary within Sellaphora, even within a single species (mann et al. 2011) . Species with high stria density and small cells have tended to be placed apart from Sellaphora, which has often been reserved for morphologically similar species with large cells (see the diversity of the genus in the neotropics documented by metzeltin & lanGebertalot 1998, 2007). However, closer examination of small-celled forms sometimes reveals characteristics that link them to 'typical' Sellaphora species. For example, the type materials of Navicula arvensis hust. and Navicula difficilima hust. both possess polar bars (pers. obs.), among other morphological features shared with Sellaphora, and thus are linked to the S. pupula and S. bacillum groups of species. We therefore transfer them into Sellaphora. Both are very similar to Sellaphora bosniaca kaPetanović et r. jahn.
Overall, we can find no morphological characters that consistently separate Eolimna from Sellaphora or other naviculoid genera. To reinforce this conclusion we can point to other examples in the literature that indicate a continuum between Eolimna-like and Sellaphora-like forms. One is Sellaphora sardiniensis lanGe-bert., caVacini, taGliaVenti et alFinito , which shows areola ultrastructures just like 'Eolimna' [e.g. Eolimna neo- In conclusion, there seems to be no clear differentiation between extant species of Eolimna, many Naviculadicta, and Sellaphora. Despite being described following a detailed morphological study (of the generitype, E. martinii: schiller & lanGe-bertalot 1997), the genus Eolimna is distinguished mainly by a single morphological feature (i.e. the position of the areola coverings) that varies in other genera/species and as a consequence its validity has been strongly questioned (e.g. morales & manoyloV 2009). The endless discussion about generic limits and validity is related to the question of the value of each morphological feature and, in describing new genera, authors are not always consistent about this value, as recently pointed out by Van de VijVer & cox (2015) . Moreover, the interpretation of a genus is often too tightly limited to the characters seen in the generitype or in the original description, so that closely related species are sometimes separated unnecessarily into new genera, as observed by cox (2009). We therefore propose the transfer of established taxa from either Navicula sensu lato, Eolimna or Naviculadicta lanGe-bert. to Sellaphora, based on morphological and molecular evidence in published literature. However, confirmation from other data sources, such as chloroplast morphology, auxosporulation and gene sequences (mann 1989; eVans et al. 2008) , is highly desirable for extant species.
Whatever the consensus adopted concerning generic boundaries, the most important issue, from the practical point of view, is the circumscription of individual species, since many of the species discussed are very common. Taking into account shape and size variation, stria density, and ultrastructure details, the following conclusions can be drawn:
• Synedra minutissima Kütz. [= Navicula minutissima (Kütz.) GrunoW 1860, nom. illeg.; = Navicula minima GrunoW in Van heurcK 1880] does not correspond to the diatom many authors have called Navicula minima, following GrunoW in Van heurcK (1880) but is an amphoroid diatom; it is lectotypified and transferred to Halamphora.
• Navicula minutissima GrunoW 1860, nom. illeg. (non rabenhorst) is a nomenclatural synonym of N. minima and both names have the same type, which is the type of Synedra minutissima Kütz.
• Navicula minutissima GrunoW nom. inval. belongs to Sellaphora and is considered a synonym of the validly published species Sellaphora aggerica (E. reichardt) Falasco et ector (= Navicula aggerica E. reichardt).
• Sellaphora nigri comb. nov. (= Navicula nigri de not.) is a widely distributed species currently identified as 'Eolimna minima' in several modern floristic books and closely related to Sellaphora atomoides comb. nov. (= Navicula atomoides GrunoW).
• Sellaphora atomoides should be recognized as a separate species, of which Eolimna tantula (= Navicula tantula) and Stauroneis fonticola are taxonomic synonyms.
• Sellaphora saugerresii comb. nov. (= Navicula saugerresii) and N. minima sensu auct., typo excl., should be considered as synonyms, the former having priority as the earliest available epithet; it should be transferred to Sellaphora.
• Sellaphora crassulexigua (= Navicula crassulexigua) should be recognized as a rarer separate species closely related to N. saugerresii.
• Sellaphora seminulum should be recognized as a separate species of which Navicula seminulum var. radiosa and Navicula joubaudii should be considered taxonomic synonyms.
The most common and problematic species (regarding the convoluted nomenclatural history and morphological similarities) are shown in the summary Figure 396 , where five main names remain according to priority rules; proposed synonymies are also shown. Despite some evidence of phenotypic plasticity in the morphological characters used to separate diatom species, there seems no doubt that even the best morphology-based classifications will considerably underestimate species diversity, as already noted by mann & VanormelinGen (2013). Hence it is quite possible that each of the 'main names' refer to a species complex, rather than to single biological or phylogenetic species. 
Sellaphora jamesrossensis (kopaloVá
